Perspectives on the Global Energy Challenge
Understandings of world energy systems and the challenges they face necessarily reflect particular perspectives. Perspectives are systems of ideas and beliefs through which people understand and explain the operation of their social world. In energy, analysts, engineers, scientists and corporate executives use these perspectives to help frame the issues, identify problems and suggest solutions. Energy governance decisions then reflect the perspectives that have been used to inform decision-making. Each perspective casts light on different aspects of the global energy challenge, but in focusing analysis on some variables this necessarily excludes others. Given the range of different perspectives available, there can be a broad variety of different policy agendas in the energy sector, and different justifications used even for the same set of policy measures. Indeed, perspectives are more than just worldviews -they are also the practical actions that derive from a particular worldview.
It is important to comprehend the scope of the different perspectives that actors are adopting with regard to energy. While individual actors or groups may adopt just one perspective, no single perspective -whatever its strengthscan provide a complete understanding of the subject. For example, analysis may focus on technology as a driver of energy system change, whilst ignoring the economic and political context within which energy, and energy technology, is produced. Alternatively, analysis might focus on the geographic location of energy resources and how this drives international conflict, whilst underemphasising the possibilities for inter-state cooperation.
It is therefore important to map the different ways in which energy challenges are analysed, and the different perspectives which actors and policy-makers adopt to make sense of these challenges. Consequently, this chapter proceeds by outlining four broad perspectives on energy. Although there are many overlaps, each perspective provides different sets of ideas about what energy is for, and how energy should be governed. Through this approach, the complex, inter-dependent and changing world of energy can be better understood, and the variety of both contemporary and historical energy interests, agendas and governance structures can be better explained. These perspectives constitute an analytical 'toolbox' that this textbook will use to address particular aspects of the global energy challenges. In this way, the different interpretations of, and policy priorities towards, the environmental, development and security aspects of energy issues will become clearer.
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Perspectives on energy
Some of the different perspectives on energy issues have long intellectual and/or practical histories, and within them a number of different and even contradictory approaches can often be identified. Particular states or groups of states may have historically emphasised particular perspectives, but ultimately these approaches to energy must be seen as dynamic -constantly changing and adapting as ideas and social values change along with global, regional and national political and economic conditions. Different perspectives compete with one another over time, providing contrasting explanations of problems as well as solutions, different ideas about the goals to which state policy should be directed, and various views on the appropriate relationship between states and markets (Strange 1988: 16) . One has only to look at the competing ideologies of the Cold War to realise the extent to which these perspectives can influence the structure of global politics and economics.
In the disciplines of international relations (IR) and international political economy (IPE), the dominant perspectives are liberalism, realism/mercantilism and Marxism (Gilpin 1987 ). An overview of these perspectives, along with emerging perspectives such as environmentalism, is provided here. However, this textbook takes a slightly different approach to the structure of discussion. As a result of the focus on global energy challenges, four sets of perspectives are overviewed: political, economic, environmental and technical. This will not amount to an exhaustive list of the ways in which energy can be interpreted, but will cover the most common perspectives taken by academics or used by policy-makers or other actors. Given the similarities and overlaps, as well as frankly porous boundaries between the approaches covered here, they must be understood as 'ideal types'. It helps to reflect upon this four-point typology by reminding ourselves of some of the theoretical claims of contemporary IPE.
IPE as a contemporary discipline makes five core propositions (see Keating et al., 2012: 4) .
The four other propositions are also followed closely in this book. Different actors, institutions and governance arrangements are explicitly focused on, and while the subject at hand is the global energy challenge, linkages to regional, national and even local levels are strongly emphasised throughout. Normative issues -particularly those relating to environment and development concernsconstitute one of the central concern of this textbook. Furthermore, despite the explicit focus on energy issues, these are not regarded as existing in isolation from other policy areas or from broader trends in political economy. A consistent effort is made to explain the context in which energy decisions are made by the many actors involved.
Political perspectives
The first perspectives discussed here are broadly termed 'political'. Although there are many political ideologies in the world today, the focus here is on realism, liberalism and socialism, discussing their main analytical focal points as well as their implications for policy agendas and governance arrangements. One particularly important theme in these political perspectives is the understanding of sovereignty; that is, of the state, and how political perspectives on energy are reflected in prospects for international conflict and cooperation between states.
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there are patterns in the international system that cannot be explained simply with reference to inter-state power struggles. With regard to energy, this has led neo-realists to think about the role of energy regimes, which are forms of limited cooperation between states in the international system. Neo-realists argue that cooperation between states is most likely to occur under conditions of hegemony. In effect, a dominant world power can create and enforce rules for energy governance (see Gilpin 1987) .
Geopolitical/economic realism
International energy relations are clearly complicated by geographical factors, such as the distribution of natural resources and the location of oceans and continents. This has given rise to geopolitics, a term coined by Rudolf Kjellén and popularised by Halford Mackinder in the early 20th century (see Mackinder 1919) . Geopolitics matters, not simply because crucial resources tend to be territorially fixed and finite, but because they are bound within national borders -sovereign state territory. Consequently, energy access rights have, since the emergence of the European states system and following the period of colonisation, been controlled by states to the exclusion of all other bodies. Geopolitical realism therefore emphasises the international role of the state in energy in terms of securing supply, engaging in strategic alliances, and exercising military power, with access to energy resources seen as a zero-sum game. Evidence of the salience of geopolitical factors would include China's move into African energy markets, and the Russia-Ukraine gas disputes of 2006 and 2009. As Michael Klare argues in Rising Powers, Shrinking Planet (2008) , a 'new international order is emerging' which divides states with energy resources
Box 1.1 Classical and structural realism
Realism has long historical antecedents, including Thucydides (413 BCE), Nicòlo Machiavelli (1532) and Thomas Hobbes (1651). Classical realism viewed human nature as self-interested, egotistical, and prone to conflict -at least in the absence of a power able to enforce cooperation through sanctions. Twentiethcentury realists focused more on the structural characteristics of international politics (see Waltz 1959) . The key assumptions of structural realism are:
• Domestic politics and international politics are two separate 'levels of analysis'.
• States are the only actors of significance in world politics.
• States are centralised, unitary and rational actors that act in their national self-interest.
• The international system is in a condition of anarchy (insecurity).
• Power is a zero-sum game -if one state gains, then other states are losing in relative terms.
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Copyrighted material -9781137410078 from those without. In this view, conflict over access to these resources will come to dominate international relations. States certainly have growing concerns over energy security -and are increasingly focused on 'energy independence', and on promoting the influence of their national oil companies (NOCs). States dependent on the export of energy sources have once again begun to rely on protectionism to secure their national energy industries. Consequently, a shift towards mercantilist behaviour in international energy relations may be seen to be emerging. Mercantilism is economic realism, the IPE version of realism, focusing on how state power is underpinned by economic policy and international economic relations. Early mercantilists viewed trade as a form of undeclared warfare, the objective of which was to sell your goods on the markets of rival states without reciprocity. They advocated protectionism, in the form of tariff barriers, to exclude foreign products from domestic markets. In this game of 'beggar-thy-neighbour', economic relations are a zero-sum game: states must produce economic surpluses at all costs, with deficits a sign of national impoverishment. The objective is to create a trade imbalance, accumulate stockpiles of gold and silver bullion, and use this war chest to support military success (in an era of mercenary armies).
The ideas of mercantilism were restated by Friedrich List in The National System of Political Economy (1841), based in part on Alexander Hamilton's Report on the Subject of Manufactures (1791). List advocated protectionism for a very specific reason: to promote industrialisation. Industrialisation, not wealth per se, underpinned national economic and military capacity, and hence national security. 'Late industrialising' countries closely followed List's mercantilist policy prescriptions. List pointed to the significance of large national private companies or industrial 'conglomerates' to act as 'national champions' -ensuring sufficient production in key industrial sectors (such as steel) and supplies of essential resources such as coal and oil. This strategy was central to the German and Japanese success story. The USA, meanwhile, featured the highest levels of protectionism in the global economy until 1945.
Political liberalism
The main challenge to realist perspectives has come from liberalism. While classical realists saw states as incapable of cooperation even if this was in their long-term interests, classical liberal scholars believed otherwise (see Box 1.2). This is because for liberals, states are made up of individuals, and individuals are capable of seeing their 'enlightened' self-interest. Consequently, they can cooperate in their long-term interests. Politics is seen by liberals as a positive-sum game where everyone can benefit -in stark contrast to realism.
Democracy is important to liberalism in part due to the democratic peace thesis: the argument that democracies do not go to war, so by promoting democracy, international relations can be stabilised. It is held that in democracies, electorates do not support war against the citizens of other democracies because Perspectives on the Global Energy Challenge 11 of a shared political ideology -other democracies are allies, not enemies. Political leaders, directly responsible to the electorate, must pay a political cost for pursuing 'illegitimate wars' (i.e. against other democracies), and so they prefer negotiated solutions to international disputes. Unlike realist approaches, liberalism therefore addresses inter-state relations (including explanations for the outbreak of war) with reference to the internal organisation of states.
Political liberalism also emphasises the rights of individuals to freely trade in the marketplace, in part due to the corollary economic peace thesis. According to this thesis -attributable to Immanuel Kant, among others -market relations between states were held to reduce the incentives for international conflict. This is because of the resulting higher levels of economic growth, which reduces the potential relative gains from warfare, and because such relations increase the economic costs of warfare, which disrupts trading systems.
Liberal institutionalism is the main form of political liberalism in modern international relations. While accepting much of neo-realism, such as the continuing centrality of the state, this perspective directly addresses prospects for cooperation in the international system. The primary mechanism in this regard is multilateralism, in the form of international treaties, international law and inter-governmental organisations (IGOs) (sometimes called international organisations). Key examples include the United Nations (UN) and various UN agencies such as the International Atomic Energy Agency (IAEA) and UN-Energy. Liberal institutionalism also identifies the possibility of more informal channels of cooperation, in the form of international regimes. Through such mechanisms, liberal institutionalists believe that states can collectively manage their energy relations and security concerns.
Regimes are usually defined as 'implicit or explicit principles, norms, rules and decision-making procedures around which actors' expectations converge in a given area of international relations' (Krasner 1983) . They take the form of specialised international arrangements through which states can cooperate
Box 1.2 Classical liberalism
Liberalism has been an enormously influential perspective, particularly in the 19th and 20th centuries. Liberal philosophers such as John Locke (1689) and John Stuart Mill (1859) fought against feudal social organisation, where individual rights were determined by accidents of birth. Liberalism features a strong sense of human individuality, equality and freedom. Core liberal beliefs include:
to address specific international policy problems. They are usually multilateral and state-driven, and based on shared norms. When informal practices become semi-institutionalised, a regime can be said to emerge. As noted above, neo-realists (such as Krasner) accept the role of regimes in international relations -but view them as the product of a hegemonic state, and limited in their ability to promote cooperation. The role of normative values in driving international energy cooperation is therefore crucial. Norms are defined as implicit or explicit expectations that derive from and operationalise shared social and political ideals. Norms are in effect informal rules: they prescribe certain behaviour or actions, but lack formal, legal status.
For liberal institutionalists, crucially, states can learn from cooperation, which leads to further cooperation. Regimes can therefore develop into formalised international organisations. For example, based on the shared norm that nuclear technology should be restricted to civil use, a set of rules emerged in the form of the nuclear Non-Proliferation Treaty, a regime which sought to prohibit the trade of nuclear material and technology with non-members. The IAEA was then established as an international organisation, charged with guarding these norms and rules.
Norms are also linked to international law. Legally embedding norms makes them harder to ignore or overturn, and provides for an enforcement mechanism. Public international law governs the relationship between states and international organisations, while international private law is primarily about determining which jurisdiction is responsible for dealing with specific international legal conflicts. This might pertain to extraction, trade and investment issues in energy. Cross-border pipelines or joint-venture resource extraction might necessitate such rulings if cooperation breaks down.
Two of the most important scholars of liberal institutionalism are Robert Keohane and Joseph Nye Jr. In Power and Interdependence (1977) , in stark contrast to realist scholarship, they portrayed a world of 'complex interdependence' characterised by the breakdown of the domestic-international dichotomy, the growing significance of non-state actors, the absence of a hierarchy of issues (security, in effect, is losing its relative importance), and the obsolescence of warfare. International relations, consequently, is characterised by growing interdependence between actors -including states. States cooperate because they are unable to pursue their self-interest through unilateral measures. From this perspective, international energy challenges strongly lend themselves to cooperative (including institutional) solutions. Indeed, a complex web of international energy interdependency has emerged that links consumer and producer states together in mutual self-interest.
Socialism
Socialist perspectives are similar to realist and mercantilist perspectives in emphasising the need for considerable state capacity and state economic activity. The goals, however, are egalitarian, rather than power maximisation.
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Socialist thinking has however always been divided between revolutionary and reformist approaches. This led to very different strategies between communist states, such as in the Soviet Bloc, and socialist parties in Western democracies.
Two of the most important socialist thinkers, Karl Marx and Friedrich Engels, argued that the revolutionary overthrow of capitalism was both necessary and inevitable (see Box 1.3). This view was shared by Lenin (1917 ), Trotsky (1930 , and the other Russian revolutionaries. This model of revolutionary socialism, however, stood in direct contrast to earlier socialist reformers, such as Robert Owen. Owen (1813-16) argued that healthy, educated workers liberated from the cruelties of the factory system would be more efficient -hence, reformed capitalist enterprises would out-compete exploitative ones. Later socialist reformists, such as Eduard Bernstein (1899), argued that the only ethical acts that socialism could condone were those that reduced the misery of the workers, even if this delayed the revolutionary overthrow of capitalism (perhaps permanently). Reformist socialists were crucial to the Western European labour movements, which formed socialist parties that pursued the parliamentary route to socialism. These social democratic parties competed in elections as the franchise expanded to the growing
Box 1.3 Marxism
In works such as The Communist Manifesto (1848) and Capital (1867), the core theoretical concepts of a Marxist socialist perspective are set out by Karl Marx and Friedrich Engels. These thinkers viewed capitalism as a dynamic, progressive force which had increased levels of technology at 'hitherto unimaginable rates' while creating enormous wealth. However, capitalism had a dark side, in the form of exploitation of the workers through wage-slavery, and the alienation of these workers in an oppressive and dehumanising factory system. This was caused by the class struggle between the workers (proletariat) and the wealthy owners of capital (bourgeoisie), which was the central aspect of international politics (rather than the state or the individual). The primary strategic objective of socialism was the revolutionary capture of the state and overthrow of the capitalist system. This outcome was, however, assured, as capitalists could only maintain the rate of profit by lowering wages and causing the further immiseration of -and revolutionising of -the workers (according to the labour theory of value). More than any other thinkers, Marx and Engels are responsible for the core claims and values of socialism, which while similar to liberalism, are interpreted differently:
• Liberty -understood as freedom from exploitation, alienation, class oppression, and the outcomes of a cold and impersonal market system • Equality -understood in an egalitarian sense, as equality of outcome, and the abolition of structural inequalities such as social class • Fraternity -understood as solidarity, where the basic social rights are those of collective bargaining and to pursue collective solutions working classes, and were elected to power in most Western democracies in the first few decades of the 20th century. In the West, particularly after World War II, they built welfare states to provide social support and protection, underpinned by taxation and wealth redistribution. Socialist perspectives focus on two inter-related tasks of the state. The first is to ensure greater equity in the distribution of wealth, whether through direct fiscal transfers or through the 'social wage' (the public provision of goods). It is important, for example, that the price of electricity should be affordable to all households. Consequently, many countries have tended to subsidise, regulate or control energy prices. The socialist agenda also included preventing wealthy elites from developing monopolies in the energy sector, and using this to engage in 'rent seeking' behaviour. The objective of creating profitable businesses in the energy sector is secondary to the well-being of the population at large. Technological progress has also been mediated by equity objectives. As new technologies have emerged (for example electricity in the early part of the 20th century), states sought to promote their diffusion -and so distribute the benefits -across society (Perez 2002) .
The second task is to ensure greater fairness in access to social or private goods. In energy, this could mean policies designed to increase the number of people with access to electricity, or subsidising modern energy systems and appliances (particularly stoves). Universal access to modern energy services continues to be a central objective of socialist parties and governments. Indeed, within the socialist perspective, energy has been understood to play an important distributional role in society -particularly as an input into social welfare in the form of 'food, clothing, heating, health and shelter ' (Helm et al. 1989: 56-7) . Given the heavy and long-term costs involved in building the large-scale electricity infrastructure necessary to support such universality, state ownership and intervention has been widespread.
Indeed, public ownership has been the primary historical strategy of socialism, across a wide range of industries and economic sectors. The more important or strategic the sector was deemed to be, the more nationalisation was deemed necessary, as it was too risky to leave crucial economic outcomes to the vagaries of the market. Energy utilities, therefore, were in most states nationalised and monolithic in form, with energy for consumers heavily subsidised. Indeed, in Western Europe, the energy sector was one of the strategic sectors of the economy in which social democratic parties had been able to establish nationalisation. Most developing states also followed this approach. Nationalisation of energy assets was also common for large energy producers. While from the 1980s onwards state ownership ceased to be a strong feature of the policies of social democratic parties around the world, regulations designed to promote access and address equity issues remained central to their energy policy and economic policies more generally. However, there has been extensive criticism of these socialist strategies, addressed in the next section, which concerns economic perspectives.
Economic perspectives
While socialism and mercantilism have clear economic policy agendas, these are designed to serve political ends. Liberalism sees economics more as an end in itself. Consequently, economic perspectives are primarily debates between different strands of economic liberalism. At the centre of liberal economic thought are found both the market and the individual. The individuals are Homo Economicus -rational, egoistic, self-interested and consumer-oriented. Markets, following Gilpin (1987) , feature three central elements: the critical role of the price mechanism (the laws of supply and demand) upon the exchange of goods and services; the centrality of competition in determining the behaviour of actors; and the role of efficiency in determining whether individuals and companies can survive in this context.
For economic liberals, markets are certainly the key to energy issues, as they drive investment decisions, business practices and sector innovations. Competitive markets determine energy prices, which in turn provide information about whether energy assets are making an acceptable return, and whether new energy technologies or processes are cost-competitive and so worth investing in. Markets also channel private capital into the energy sector, or withhold such investment. While liberal economic perspectives on global energy challenges focus on the role of markets, there is considerable dissension between perspectives that broadly favour free markets (neo-classical economics and neo-liberalism), and those that favour regulated markets (particularly Keynesians).
Free market economics
Free market perspectives hold that markets, once free from government intervention, are inherently efficient. This approach dominated international economic thinking from the middle of the 19th century until the 1930s (albeit interrupted by World War I), in the form of economic laissez-faire, and again from the 1980s onwards in the form of neo-liberalism. Advocates of this perspective argue that unfettered market relations between consumers and producers generate an optimal allocation of economic resources. This, in turn, leads to maximum aggregate levels of global economic wealth. Government intervention is unnecessary because the system is self-regulating: competition between producers and consumers ensures that appropriate prices for goods result. Efficient producers are rewarded with profits, while inefficient producers go out of business in cycles of 'creative destruction' (Schumpeter 1942) . This faith in the positive effects of the price mechanism is grounded in classical liberal political economy (see Box 1.4).
However, while free market economic perspectives rose to dominance in the 1980s, this was largely in the form of neo-liberalism. Neoliberal approaches were synonymous in this period with the policies of Ronald Reagan (US President 1981 -1989 and Margaret Thatcher (British Prime Minister 1979 -1990 . Neo-liberalism also became central to the
Box 1.4 Classical liberal political economy
Adam Smith's The Wealth of Nations (1776), one of the most influential books ever written, sought to explain the rise and operation of the capitalist system, and in so doing provided some of the central concepts of economic perspectives. Smith asserted that people pursuing their own self-interest will make society better off, as their self-interest is regulated by competition in the marketplace. Smith pointed out that prices were determined by impersonal forces of 'supply' and 'demand' in a competitive market, and this fundamental principle of market operations became the price mechanism. Smith also argued that in the absence of government intervention, overall economic wealth will be increased if people specialise and trade. This is because only free trading relations are by definition welfare-improving (otherwise people simply wouldn't trade Neo-classical economics is the mainstream approach within the contemporary discipline of economics. Neo-classical economics reflects the failure of classical liberal economics to respond to the Great Depression of the 1930s. While free markets are seen as maximising wealth, there is a clear role for the state in this economic perspective: to correct market failures. Market failure analysis certainly applies to the energy sector, and a range of government actions designed to make energy markets function more effectively can be identified. However, global market failures related to climate change or oil cartels, for example, pose more fundamental problems. Here, an international free rider problem exists, with no global authority able to sanction non-cooperative states. Despite this, it is important to introduce some of the most important neo-classical market failures that apply to energy issues:
• Information asymmetry occurs when market actors lack perfect information. In the case of global energy, there is widespread uncertainty regarding prices, supply channels, and the behaviour of various energy actors -all of which serve as a disincentive to investment. In response, states have cooperated to create international institutions explicitly designed to promote energy sector transparency and market information -most obviously, the International Energy Agency (IEA).
• Incomplete markets are a significant cause of market failure in the developing world. Lack of insurance companies, distressed debt agencies, stock markets and financial lending facilities create numerous problems for business, including in the energy sector. Much greater reliance on the state follows from the lack of a fully functioning modern capitalist system.
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• Monopolies are a serious market failure, as they can lead to price fixing. A small number of producers can form an oligopoly, reproducing monopoly market conditions. Given the large investments and infrastructure management issues associated with electricity sectors, electricity utilities were historically considered 'natural monopolies'. Consequently, the state often took ownership and control of the energy sector.
• Externalities occur when the full cost of the production of the good is not included in the price. For example, coal-fired electricity generation facilities can pump pollution into the atmosphere, causing health costs that are picked up neither by the electricity producers or consumers. 'Third parties' to the transaction mean that markets are functioning inefficiently -which leads to resource under-pricing and over-consumption. Externalities need to be 'internalised' through state action -ensuring that the market price for electricity also reflects the clean-up costs of pollution.
• Public goods are products and services that the market struggles to provide. They may be 'non-excludable' (you can't prevent people from using the good) and/or 'non-rival' (one person's use of the good doesn't preclude someone else from using the good). A public goods perspective sees energy as more than just a commodity to be freely bought and sold in a market. It focuses on the broader role that energy plays in economic development, equity and security. Free rider problems emerge because individuals may not be willing to pay for these social benefits if they accrue to everyone.
development aid loan conditions of the 1980s and 1990s in what is termed the 'Washington Consensus'. The primary objective of neo-liberalism in this period was to reduce the role of the state in the market, and to extend the reach of the market into more aspects of social life. Neo-liberalism also viewed politicians as inherently self-interested. As a result, government economic decision-making is 'politicised', usually in the context of election cycles, leading to inflationary economic consequences. Neo-liberalism also responded to the neo-classical take on market failures with a simple political mantra: government failure is always worse than market failure. Consequently, no matter how extreme or difficult market failures may appear, government intervention is never justified.
There are a number of government failures which apply to the energy sector. Bureaucratic expansionism saw sprawling, inefficient and overemploying government energy utilities run up enormous losses -demonstrating that private monopolies or competitive market structures would deliver better outcomes. State ownership also generated 'crowding out' effects, as the private sector avoids competing with government energy companies that could be subsidised from a central budget -crucial investment capital is driven
Copyrighted material -9781137410078 away. Government bail-outs for state or even private sector energy actors create moral hazards, undermining incentives to be efficient. Government regulations ('red tape'), price-fixing and subsidies (i.e. for fossil fuel production, clean energy, industry, and household consumers) lead to distortions of the price mechanism. This causes misallocations of investment or underinvestment. Due to information failure, where governments lack access to market price signals, state investment results in unnecessary 'white elephants': large infrastructure projects that are massively underutilised and run huge losses. The growing costs of government failure don't go away -they accrue to the government, and so to taxpayers.
Neo-liberal strategies to reduce state intervention in the economy included privatisation, trade and financial liberalisation, deregulation, reducing the influence of the unions, and tax cuts -particularly for the productive, wealth-generating business sector (the rich). Neo-liberal governments were scathing towards the welfare state, which was seen to entrench, rather than reduce, poverty, and sought to significantly scale back government spending. While 'public goods', socialist or mercantilist arguments led to energy sector assets being nationalised in the 'national interest', in practice for neo-liberals this simply enabled political elites to exert and maintain power, including through the pursuit of narrow, geopolitical objectives. Neo-liberals sought to privatise energy sector assets and make the energy sector reflect market relations: and by facilitating greater wealth generation, make a better contribution to the public good. The neo-liberal policy agenda particularly reflected the views of the Milton Friedman and Friedrich von Hayek (see Box 1.5).
Neo-liberalism greatly influenced energy sector governance and organisation. From a neo-liberal perspective, energy is indeed a commodity -a tradable and
Box 1.5 Friedrich von Hayek and Milton Friedman
Friedrich von Hayek, in The Road to Serfdom (1944) argued that state intervention in the economy, even when explicitly designed to promote economic security, was doomed to have the opposite effect. This is because markets operate through decentralised information available only to consumers and producers. State planners, lacking access to these crucial price signals, can only ever make second-best decisions, inevitably producing a sub-optimal allocation of economic resources. Even worse, once governments accumulate economic power, this increases their political power and leads to totalitarianism. Milton Friedman, in Capitalism and Freedom (1962) focuses more on the 'magic of the market' -what the free market price mechanism can achieve when liberated from government intervention. For both Hayek and Friedman, political freedom is inextricably linked to the economic freedom that can only be provided by a free market economy. Both Thatcher and Reagan explicitly cited these thinkers as inspirations for their neo-liberal policy agenda. substitutable private good -rather than a strategic asset or a public good. Supply and demand should therefore be determined by the mechanisms of the market. In the 1980s and 1990s, many Western states not only enacted large-scale privatisation programmes but also liberalised and deregulated the energy industry so as to foster competition and consumer choice. The UK and the USA were at the forefront of this trend. Other key institutions that promoted neo-liberal energy sector reform included the Organisation for Economic Cooperation and Development (OECD) and the European Union (both within the EU and to external states), and the proponents of the Washington Consensus -the World Bank and the International Monetary Fund (IMF).
1980s neo-liberalism, clearly, was relentlessly anti-state, with government activity being seen as the cause of all problems -including those of poor developing states. However, precisely because neo-liberalism was so influential on policy-making in the 1980s, the limitations of neo-liberal policy strategies in achieving their goals were readily apparent by the end of this decade. The IMF and the World Bank's implementation of neo-liberal economic policies in the developing world through the mechanism of structural adjustment loans (SALs) was disastrous, particularly in Latin America and sub-Saharan Africa. In order to explain the failure of market economics in the 1980s, neo-liberalism adopted the view that the state in these regions lacked the capacity -the 'good governance' -to manage a transition to free market capitalism. Corrupt, unaccountable and undemocratic regimes ('poor governance') held back market-led development. Neo-liberalism therefore shifted from the view that the state was the problem, to the position that the state -a small, efficient, particularly neo-liberal state -was necessary to 'lock-in' free market capitalism.
The case for regulated markets
Alternative economic perspectives, however, are much more sceptical of the operation of the market mechanism, and of capitalism more generally. These perspectives share a broader conception of market failure, and of the ability of markets -particularly unregulated markets -to deliver socially acceptable outcomes. Indeed, it was precisely the consequences of unregulated market activity that exacerbated social inequality in the socialist perspective.
Indeed, socialist critics viewed capitalism as a system of cyclical economic crises. Marx, for structural reasons, argued that the only solution was to abolish the market. Later Marxists such as Lenin and Trotsky argued that capitalism was a system that promoted 'uneven and combined development' (see Trotsky 1930) ; that is, it also drove inequality between states, creating tensions between them. Capitalism, therefore, was even more unstable than Marx had believed. The theory of Imperialism (see Lenin 1917) held that states responded to these tensions through a kind of expansionist mercantilism: first seeking access to foreign markets (the Great Powers' 'race to the colonies' of the late 19th century), and then engaging in military conflict over these colonies (World War I). The link between inter-state rivalry, military conflict and the drive for resources is even more evident during World War II, where lack of access to oil was a serious issue for both Germany and Japan. Indeed, German desperation led to the mass production of 'Jerry Cans' (with 'Jerry' common slang for the German soldiers used in World War I) -small oil containers carried by soldiers to be used for siphoning petrol.
However, socialists in the reformist camp saw capitalism's tendency to collapse as policy-based. Capitalism could in fact be regulated and controlled through judicious state action. 'Market socialism', welfare capitalism, social democracy and other varieties of state-managed capitalism would result in a more stable and socially progressive system. One key thinker in this socialist perspective is Karl Polanyi, author of The Great Transformation (1944) . For Polanyi, the problem is not markets, but the market utopia of unfettered, unregulated free markets that laissez-faire (and neo-liberalism) represents. With proper -and democratic -control of the economy, government regulation could ensure socially progressive outcomes for ordinary people as well as for the environment. Hence, a regulated market economy, linked to democratic systems of accountability, was socialism by definition. The attempt to 'free' markets through liberalisation and deregulation, however, created both economic and social instability, and resulted in economic crises. These led inexorably to societies moving back towards statist economic management.
In the West, however, one economic perspective that advocated regulated markets was far more influential than all others: Keynesianism (see Box 1.6). Keynes offered a 'third way', a state-managed form of capitalism that would enable liberal democracies to survive in the face of the two less appealing choices that arose in the 1930s: fascism and communism. This call for government intervention to manage, stabilise and restore to growth the capitalist economies fell on receptive ears, and Keynesianism was so successful it effectively replaced classical economics as the standard approach followed by government policy-makers in non-communist countries.
The Keynesian plan for 'managed capitalism' overlapped to some extent with the reformist traditions of the socialist perspective. Indeed, for many social democratic parties, the practical policies with which they sought to reform capitalism came straight out of the Keynesian toolbox. A mix of Keynesian economic policies and socialist nationalisation strategies therefore characterised the energy sector in many post-war social democratic states. The Keynesian approach justified widespread state intervention, particularly in strategic economic sectors which underpinned employment, as well as calling for redistributive welfare spending. This also carried implications for the energy sector, which served as an input to all other segments of the economy: the state could not afford to let the market decide economic outcomes in this case. Prices for end-consumers were also managed to ensure economic stability. Keynesian deficit spending, aimed at 'pump-priming' the economy, focused on large infrastructure sectors -of which energy was a significant beneficiary. For example, in the USA Roosevelt's 'New Deal' featured strong investments in hydro-electric dam projects.
This predominance of Keynesianism as an economic perspective lasted until the 1970s, when new forms of economic crisis caused Keynes's ideas to be thrown into question. By the 1980s, neo-liberalism had emerged as the economic perspective that policy-makers adhered to, and deregulation of the energy sector was widely pursued. Nevertheless, in the wake of the global economic crisis (2007 onwards) -a crisis of neo-liberalism -Keynesian ideas underwent something of a revival. Yet, the sovereign debt crisis (2010 onwards) that resulted from the global economic crisis has led to laissez-faire style 'austerity' approaches. In the contemporary world, economic perspectives are clearly in flux. By extension, energy policy is also in a deep state of uncertainty -uncertainty that is only exacerbated by concerns with, and debates over, climate change.
Environmental perspectives
Economic and political perspectives can all be deemed anthropocentric: they focus on humans and human institutions. They lack a well-developed conception of the relationship between humanity and nature -a gap which Box 1.6 Keynes's general theory on employment, interest and money (1936) The Great Depression of the 1930s seriously undermined classical liberal economic theory, which argued that recessions and structural unemployment were impossibilities. In the General Theory, Keynes dismissed 'Say's Law', demonstrating that recessions could happen, and argued that it was possible for economies to reach 'underemployment' equilibrium -featuring long-term, stable unemployment. The classical solution to the Great Depression, furthermore, was to do nothing: governments, like households, should operate within their budget. Keynes freed economics from these constraints, not only enabling governments to try and kick-start the economy ('stimulating aggregate demand') through deficit spending, but arguing for the necessity of this demand management. Part of the problem was that individuals tended to act pro-cyclically, hoarding money and reducing expenditure in response to an economic recession precisely at the time when spending was most needed. Only states had the power to act counter-cyclically, and bring economies out of recession. Large public works and infrastructure building projects were therefore deemed necessary, though it was the even greater increase in government spending caused by World War II that ultimately lifted the West out of depression -and into two decades of strong economic growth under conditions of full employment. Indeed the 1950s and 1960s, the 'golden age of capitalism', occurred under the 'Keynesian consensus' on economic policy. environmental perspectives seek to fill. Environmental perspectives have a long history (see Sørensen 2012), but only began to penetrate into broader social debates in the 1970s (see Box 1.7).
The modern environmental movement that emerged from the 1970s began to develop broad critiques of consumer capitalism. While communist states had worse environmental records, in Western countries where interest in the environment was flourishing markets were seen as putting shortterm individual self-interest above environmental concerns. Similarly,
Box 1.7 The modern environmental movement
Post-war environmentalism developed out of historical concerns with conservation into a broader critique of human society, particularly in economic terms. The green movement emerged out of other movements, such as the civil rights, peace and anti-nuclear movements. One key early work is Rachel Carson's Silent Spring (1962) , which detailed the imminent threat to nature and wildlife posed by the widespread use of pesticides. This book was instrumental in the banning of DDT in the USA, and in the formation of the Environmental Protection Agency (EPA).
The 1970s was the key period in the emergence of the environmental movement: Greenpeace was formed in 1971, and the United Nations held its first environmental conference in 1972. Herman Daly, author of Towards a Steady State Economy (1973) , founded the sub-discipline of ecological economics. Daly's influential work argued that economic growth led directly to environmental collapse. Only a radical restructuring of the global economy away from growth could help. Daly also worked as a Senior Economist at the World Bank -evidence of how environmental perspectives started to impact on mainstream political and economic debates. 1972 saw the publication of the Club of Rome's controversial The Limits to Growth (Meadows et al.) . This report used computer simulations to show how the combination of finite planetary resources, world population growth, industrialisation and pollution was placing insurmountable pressures on planet Earth. Drastic measures for environmental protection were required. Reflecting the growth of the environment as an issue, The Limits to Growth was translated into 37 different languages, and over 12 million copies were distributed.
Although there are clearly different positions within the modern environmental movement, the core values, ideas and principles of an environmental perspective can be identified as follows:
• Planet Earth is an inter-connected biosphere on which humans depend.
• Human activity (particularly economic) is disrupting the ecological balance.
• Humans should live in positive co-existence with nature -not seek to dominate it.
• Humans must take responsibility for limiting the environmental damage they cause.
Copyrighted material -9781137410078
states prioritised a range of 'national-interests' over environmental concerns. Therefore aspects of both political and economic perspectives were understood to lead to a range of negative impacts of human activity on the environment. As we will see below, the medium and long-term consequences of this were understood to be significant. Environmental perspectives, however, have tended to come and go in public discourse. As early as 1972, Anthony Downs published 'Up and Down with Ecology: The Issue Attention Cycle', which used environmental concerns as a key example of how issues rise to public prominence and then fade away again. Certainly, economic recessions tend to push environmental issues out of the spotlight, as problems with unemployment and business collapses take precedence. In better economic times, however, people reflect the kinds of 'post-material values' (Inglehart 1981) that enable growing public support for environmental issues.
Environmental concerns and activity have often been highly localised, focusing on the storage of nuclear waste, local air or water pollution, land degradation, urban hazards or toxic spills. The environmental perspective, however, is also concerned with environmental problems at a global level. Indeed, the concept of the global commons is highly significant to environmental perspectives. The existence of such commons enables the environmental perspective to move beyond local and national issues, and provide a critical perspective on international politics and economics. The term 'global' has begun to replace the term 'international', in part as a reflection of the growing significance of non-state actors to world politics. The term 'commons' refers to a resource to which no single decision-making unit holds exclusive title, the origins of which lie in medieval times, when pasture and woodland were by custom set aside for the joint use of villagers.
The global commons are understood as areas beyond sovereign state jurisdiction that no one individual or group of individuals can lay claim to. Examples include Antarctica, the deep seabed, space and the atmospheric commons. They belong to us all equally, and no one has the right to do anything that might damage these common goods. From this position, many environmentalists advocate that we 'think global, act local' to ensure a better environmental future (see Schumacher 1973). However, managing global commons is in effect a global public goods problem. As neo-classical economics suggests, no one wants to pay to maintain global commons that others will exploit, and no authority exists that is able to punish those that do damage these commons. Some attempts, however, are made on an international scale to protect aspects of the global environment -such as the Kyoto Protocol of the United Nations Framework Convention on Climate Change (UNFCCC).
Today, environmental perspectives propose a broad range of solutions to various environmental governance issues, including different conceptions of the relationship between humankind and nature. They can, however, be grouped into two broad camps. Radical environmentalism works in the antigrowth traditions of Daly, and argues for significant changes to human relations with the environment. Mainstream environmentalism, which is reformist and pro-growth, emerged in the late 1980s, in part due to its less adversarial view of the political and economic perspectives has become increasingly influential.
Radical versus mainstream environmentalism
Radical environmental perspectives emphasise the non-hierarchical interrelationship between humans and nature, and view the environment holistically. Economic growth -the primary objective of almost every country in the world -is seen as the major cause of environmental stress. In energy terms, radical environmentalism is historically strongly anti-nuclear, and highly critical of carbon-intensive and polluting modern energy systems. This approach is shared by a number of 'Green' political parties around the world, global environmental non-governmental organisations (NGOs), and environmental scientists. The deep structural changes that need to take place in social, political and economic systems imply that we should slow growth, consume less and conserve more. Radical lifestyle changes are mandated, shifting towards localised production and consumption, eating seasonal and regional foods, travelling less and consuming only that which can be reproduced without detrimental effects on nature.
In the 1980s, broad social support for environmental positions began to be seen around the industrialised world. A string of environmental problems became big news in this decade, increasing the pressure on states to formulate a response. First, the hole in the ozone layer not only demonstrated that industrial and commercial chemicals used by humans damaged the environment, but also that states could, through multilateral cooperation, address these issues (in the form of the Montreal Protocol). Second, sulphur emissions from industrial production began to fall back down to Earth in the form of sulphuric acid. Acid rain caused widespread demands for pollution controls, particularly in Germany where serious damage was done to the Black Forest (the Schwarzwald). Third, the 1986 Chernobyl disaster -the ongoing costs of which are measured in hundreds of billions of US dollars -massively raised awareness of the limits of human capacity to control environmental risks posed by technologies, as well as of the obvious problems with nuclear energy. Finally, as addressed in detail below, the global scientific community reached a consensus on the role of greenhouse gas emissions from human sources in causing global climate change.
However, the response to these issues was characterised more by the mainstream environmental perspective than by the radical one. Given the extent of environmental problems, constructing a society wherein humankind could live in an environmentally sustainable way according to the radical approach implies revolutionary rather than evolutionary change. Consequently, while the concerns of radical environmental perspectives were recognised, their solutions constituted too much of a challenge to current world systems, markets and values, and so they remained on the fringes of political debate. Mainstream or reformist environmentalism, by contrast, was human-centred and informed by liberal economic perspectives. In this view, environmental protection was primarily for the benefit of humankind, and furthermore, could be incorporated within the political and economic structures of modern society without undermining economic growth models, material prosperity or liberal democracy. Improving natural resource allocation and environmental quality through market processes is a core strategy for these moderate environmental perspectives (see Anderson and Leal 1991) . Moderate environmentalists also tend to put faith in the ability of science and technology to solve environmental problems without fundamentally challenging our institutional and value systems.
More moderate forms of environmentalism therefore can be explained as a response to both the seriousness of the environmental issues that emerged in the 1980s as well as to the power of the critique of global political and economic structures that radicals such as Daly had provided. States simply could not envisage moving away from economic growth, which continued to underpin social welfare (both directly by creating employment, and indirectly through taxation and redistributive welfare spending). A way of addressing global environmental challenges that did not rest on radical environmental perspectives was needed, and in 1987 this was provided in the form of sustainable development. As Box 1.8 details, this concept was developed under the auspices of the United Nations Conference on Environment and Development (UNCED), in a document titled Our Common Future (the Brundtland Report).
Sustainable development, however, has been widely criticised as a concept. Setting aside debates over the use of market mechanisms to solve environmental problems, the precautionary principle is decidedly ambiguous: it isn't clear why environmental risks should be prioritised over economic ones. States have demonstrated only a limited ability to negotiate workable multilateral environmental treaties, and have struggled to provide equity while engaging in environmental reforms even within a single generation. Nevertheless, sustainable development provided moderate environmentalism with a theoretical framework through which the movement could gain better access to government policy-making channels, and garner the support of business interests. It helps to think of sustainable development as a pragmatic or flexible concept, within which different interest groups can move towards a better relationship with the environment at their own pace, and through a range of different strategies and approaches. From the radical environmental perspective, it is questionable whether sustainable development reforms are occurring fast enough to make a significant impact given the scale of environmental problems faced. The kinds of environmental policies and governance reforms that states have pursuedincluding regulations directed at energy producers -are largely seen as post-hoc sticking plasters. Of course one environmental threat currently outweighs all others: climate change -a problem so vast it almost constitutes an environmental perspective in its own right.
Climate change
By taking human interaction with nature as a central concern, recent scholarship (emanating originally from within environmental communities) has come to focus increasingly on climate change. Scientific studies have provided mounting evidence that humankind is having a serious detrimental impact on our planet by exacerbating climate change. The long history of planet Earth has seen many different climates -from ice ages to more tropical times -but what climate scientists argue is that humans are causing a vastly accelerated turn towards tropical times. This is primarily due to the release of high levels of greenhouse gases (GHGs). The greenhouse gases covered by UNFCCC and EU targets are: carbon dioxide, methane, nitrous oxide and fluorinated gases such as hydrofluorocarbons, perfluorocarbons, sulphur hexafluoride and
Box 1.8 The concept of sustainable development
Sustainable development is defined by the Brundtland Report as 'forms of progress which meet the needs of the present without compromising the ability of future generations to meet their needs'. The core finding of this UNCED report was that all over the world economic development was taking place in an environmentally unsustainable manner. However, strong links between environmental damage and poverty were also identified. Consequently, the Brundtland Report concluded that rather than reduce economic growth and development, it was necessary to accelerate it. To square this conclusion with the evidence that economic growth had caused natural resource depletion and other environmental problems, it was argued that the nature of economic growth needed to change to become more sustainable. The debate shifted, in effect, from pro-or antigrowth, to the 'quality of growth'. The Brundtland Report led directly to the Rio conference on sustainable development in 1992, which in turn resulted in the Earth Charter, Rio Declaration, and Agenda 21 (Blueprint for the 21st Century).
Five core principles of sustainable development can be identified:
1. Integration -economic goals and environmental goals need to be integrated in decision-making 2. Market mechanisms -based on principles of polluter pays and user pays, and on internalising externalities (see neo-classical economics above), markets can be used to resolve environmental problems 3. Inter-generational equity -meeting the needs of future generations as well as providing equity within current generations 4. The precautionary principle -a call for environmental 'risk management':
'Environmental measures must anticipate, prevent and attack the causes of environmental degradation' 5. The global dimension -environmental problems transcend national boundaries and so require multilateral solutions
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Copyrighted material -9781137410078 nitrogen trifluoride (see European Commission 2015). Much of this scientific thought is based on earlier discoveries about how energy reaches the Earth from the sun, how it is then absorbed and radiated back into space, as well as how some gases in our atmosphere act. Like the glass in a greenhouse, the Earth's atmosphere traps some of the solar energy -causing surface temperatures to rise (Garner 2011: 2). The more such gases become trapped, the greater the rise in surface (including ocean) temperatures. Over the past 150 years greenhouse gas concentration in the atmosphere has increased markedly, and continues to do so (IPCC 2013: 4) . This reflects the transformation of human economic activity following from industrialisation, including in energy consumption and land use. These activities result in greenhouse gases being emitted more quickly than they can be absorbed by natural processes (for example the conversion of carbon dioxide into organic matter through photosynthesis). A broad consensus also exists that if the global climate system warms more than 2 °C above pre-industrial levels (1850-1900), then the implications for the environment, and for humankind, will be increasingly severe. Consequently, keeping climate change to below a 2 °C increase is the primary objective from a climate change perspective.
For the many politicians and activists who accept the new scientific consensus on anthropogenic climate change, finding solutions has proven highly problematic. This is in part because of continuous challenge from climate change sceptics, but primarily due to disagreement on exactly how to mitigate climate change. One key split is of course between moderate environmental perspectives, which view the problem as relating to how energy is produced, and radical approaches that see the problem as caused by humankind's broader relationship to the environment, by current social, political and cultural practices, and by the limits to, or undesirability of, economic growth. Responses to climate change therefore reflect the choice of environmental perspectives.
It is fair to state that the reformist environmental perspective has been the most significant with regard to climate change. Reformists have certainly been more influential amongst the political elites that promote climate mitigation policies within various governments and international institutions. For example, several NGOs (including the Global Green Growth Institute for example) along with a number of academics (such as Michael Jacobs) have promoted a 'green growth' model of addressing climate change concerns that has been picked up by these elites. Creating 'green jobs' while addressing climate change, and continuing with rapid economic growth while promoting innovation and new business opportunities, is obviously an appealing scenario for certain political and economic perspectives (IRENA 2014) . In this view, society also benefits from the infrastructure and technology spending associated with establishing new energy systems. Such arguments are used by those looking to boost support for both state and private sector investment in renewable and energy efficiency innovations, as well as in new technologies. Indeed, a recent report by Pricewaterhousecoopers (2013), in their capacity as advisor to the European Climate Foundation, shows that four of the five countries covered in the report managed to expand their economies whilst decreasing greenhouse gas emissions. The low-carbon and environmental sector of the global economy is now valued at around US$5 trillion, and clearly some companies and states perceive a need to be a part of this rapid growth. For mainstream environmental perspectives, while the economic costs of a low-carbon transition must be acknowledged, the economic costs of not taking action are viewed as far higher (see the 2006 'Stern Review').
There are, however, complications even here, which reflect the main economic perspectives. Some reformist environmentalists argue that the market should be the principal agent in climate change mitigation, while others call for a much greater degree of state intervention -particularly in driving technological change and renewables investment. Further complications come from developing states, particular large ones such as India and China. They may not disagree with the emerging scientific, economic and political consensus on climate change, but they have argued that in the specific context of development, rapid economic growth must be prioritised. They have argued that climate change mitigation strategies must be left to -and paid for by -advanced industrial countries. Addressing environmental problems clearly requires consideration of political and economic perspectives as well as environmental ones.
Technological perspectives
Addressing climate change is also a matter of how optimistic one is with regard to technological solutions to environmental problems. Technology is a crucial mediator between energy and environment, and so technological perspectives may be able to provide alternative insights into complex energy challenges. These perspectives are able to reflect on how technology has evolved over time, as well as on prospects for energy innovations. There are a range of different views on how new energy systems emerge, reflecting, for example, the varied disciplines that contribute to the leaps of technology that underpin new energy systems -engineering, chemistry and physics to name a few.
Ideas about how to produce, distribute and transport different sources and forms of energy are important to understanding global energy challenges. They focus analysis on the fundamental and complex question of what energy is, and how it is produced. It is also important to understand the quite intricate mechanisms involved in transporting, storing and using various different types of energy once it has been produced -as well as how these mechanisms have changed over time and might be improved in future. As concerns with the governance of energy systems shifted in the 1980s towards a focus on markets, questions of how to provide energy services and how to promote energy sector innovation were largely left to market actors. Technological perspectives, as a consequence, were somewhat downplayed. However, as global energy challenges have become more pressing -and so have risen up the agenda of national policy-makers -questions of energy technology and energy sector technological advancement are becoming more critical.
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Technology and energy systems
New ideas and discoveries about how energy can be produced and used have underpinned radical and profound changes in the history of modern life. The discovery that energy could be produced not just by animals (i.e. muscle power) but also from inanimate sources (i.e. coal) was a core driver of the industrial revolution. Discoveries regarding the many uses of oil (from illumination to plastics to the powering of modern militaries) transformed both national economies, and ultimately, international relations. Understanding how these historical energy transitions evolved, and how they impacted upon society and politics, requires some knowledge of energy technologies. Advances in energy technologies enabled modern lifestyles -in effect, the emergence of such technologies has changed human social, political, economic and cultural practices. More problematically, they have also changed the environment in which we live.
From a technological perspective, energy can be shown as crucial to almost all contemporary human needs and wants. Energy is the key input for food production and preparation, heating, lighting, health care provision, and powering the various technological devices that we depend upon for transport, communication, processing and accessing information, as well as entertainment (see Schobart 2014). If energy inputs are to be provided through modern energy services, then their provision depends upon complex technical systems and processes that have evolved over time. Technicians, engineers, and others who adopt a technological perspective often bemoan the fact that, although it is ubiquitous in our lives, we tend to take energy for granted. As inventions such as electricity and combustion engines became commonplace, questions about the incredibly complex processes that deliver useable energy to us have ceased to be asked. But these details are necessary if the security and affordability of energy systems are to be maintained -and even more necessary if we are seeking to redesign these systems to deliver a more sustainable future.
In practice, energy is provided in many different ways. There are numerous sources, and different processes through which these energy sources can be converted into consumable forms. Each process is, in turn, supported by complex infrastructures and production chains. This is because the most common sources of energy -oil, gas, coal, hydro and nuclear -must be processed before they can be turned into practical services such as electricity generation or transportation (see Box 1.9). For example, the process through which petroleum becomes useable for transport begins with exploration, then moves through production (drilling and extraction), transport, and refining stages, then storage, and finally transport to petrol stations. By comparison, coal for electricity needs to be mined, transported and converted into usable energy by being burnt in power plants, so that the energy end products (heat and electricity) can be distributed to houses, industrial plants and electricity consuming appliances.
To achieve these energy production processes requires a range of technologies and infrastructures, multiple inter-related companies, enforceable corporate contracts and legal and regulatory frameworks, and varying sets of government policy measures. Infrastructure in particular can be highly expensive, with complex and diverse forms often needed -some of which can create serious 'visual pollution' effects on otherwise picturesque landscapes. And of course, teams of people are needed to ensure that supplies are not interrupted due to infrastructure breakdown or other failures of technology. All of these systems, practices and economic relations imply both sunk costs and vested interests. Consequently, radical changes to energy systems (such as a low-carbon transition) are a considerable political challenge, while the potential backlash against attempts to disturb existing energy systems can have implications for the security of supply.
The production of electricity from gas is a good example of how many different specific processes must take place for energy to be delivered to end consumers. Once again, a range of different companies and a host of experts on the technological requirements of production processes are required for the smooth running of the involved energy systems. Gas needs
Box 1.9 Producing energy sources
The technological aspects of energy systems can be illustrated simply by focusing on the narrow question of how different types of energy are produced. Energy services, such as electricity or transportation, depend upon suitable inputs that result from the processing of primary energy sources. As these energy sources have different characteristics (such as being finite or renewable), the production processes that convert them into end-use energy vary in complexity.
Finite energy sources that require production processes to manufacture:
• Oil: Largely used for transport but also as an input into fertilisers and chemical processes • Gas: Often used for heating and cooking, but also to generate electricity • Coal: Mostly used for electricity generation -but also for district heating Finite energy sources that require production processes to manufacture and decommission:
• Nuclear: Derived from uranium. Used for electricity -but also for military purposes Renewable energy sources that do not need production processes to manufacture:
• Wind/solar/wave: Used for electricity production Renewable energy sources that require new infrastructures to be put in place to produce:
• Hydro-power: Used for electricity generation. Can require river rerouting and/or land clearance before dams are constructed
Copyrighted material -9781137410078 to be extracted from the ground through exploration and productionusually by specialist oil and gas companies. Captured gas is then sold, often through specialist gas traders or brokers. The transportation phase -from production sites to market -often crosses multiple state boundaries and sometimes seas. This may occur through pipelines (that may be owned by private or nationalised pipeline companies), or in the case of liquefied natural gas (LNG), by ship following liquefaction, and then regasification, once target markets are reached. Once the gas reaches generation plants electricity is produced -possibly by separate generation companies. Transmission companies must then transmit this electricity through transmission grids (across wires and pylons) to distribution points. From the distribution point electricity is then distributed via even smaller circuits to individual households and businesses, this time by distribution companies. Finally, the electricity must be measured by electricity meters at the point of usage so that electricity distribution companies know how much to charge particular end-consumers. There are, however, other aspects of electricity production that need to be considered. There are questions regarding efficiency: of different energy sources and the processes by which they become useable; of different energy systems; and of different end-uses. Further questions concern the economics of energy at each of these junctures. Electricity is produced from a wide range of sources, but at any given point of technology some are going to be more efficient than others: more electricity is produced per cost unit of raw material (and perhaps fewer greenhouse gases). Yet while technology advances, infrastructure decisions linger, creating 'path dependency' that will eventually reflect outmoded technologies.
For example, in most developed countries, electricity systems are centralised (i.e. through a national grid), as this strategy reflected technological capacity and economic efficiency measures for most of the post-war era. In these centralised systems, electricity tends to be generated at scale in large plants, which then require huge transmission and distribution networks to deliver the electricity to where it is consumed. The least efficient part of current electricity systems (where the largest technical losses of electricity occur) is, consequently, during the transmission and distribution phases. Crucially, in recent decades, technological advances have largely been in small-scale energy generation and in distributed energy systems (decentralised or localised alternatives to the grid). It is possible, therefore, that the entire energy systems of, for example, OECD states reflect past technological and economic calculations. Moving beyond these established systems, however, invariably comes up against sunk costs and vested interests.
Technological perspectives, therefore, provide us with important information about how our various energy systems evolved, how they operate in practice, and how complex and socially, politically and economically embedded they are. Consequently, these perspectives provide some insight into the challenges that are faced in keeping our energy system secure, efficient, cost-effective and sustainable. Crucially, looking at energy from a technological standpoint can also provide us with innovative ideas about how we can produce and use energy in better ways. Pure technological perspectives, that focus on the functionalities of each form of energy and the complex ways in which they work, are therefore clearly useful in addressing global energy challenges. However, other emerging technological perspectives are able to link technological change to changing human social practices.
Socio-technical transitions
The socio-technical transitions approach is an example of this broader technological perspective. The socio-technical transitions literature brings insights from sociology and economics into technology studies. As a result, it can be understood that energy technology is relevant precisely because of its ability to provide human services, such as light, heating, cooking, transport and electricity. History is well supplied with energy transitions, where one dominant form of energy is replaced by another (for example the shift from coal to oil), but each transition has also resulted in increased reliance of human beings on these energy sources. Security of energy supply, by extension, has become more critical with each jump in energy technology. It is humankind's heavy reliance on energy services that renders them so crucial -which is why, from a radical environmental perspective seeking to address climate change concerns, one solution is to simply consume (and hence produce) less energy, to reduce dependency on energy services.
The socio-technical transitions perspective reveals further complexities, dynamic inter-connections and path dependencies in energy systems -which are re-cast in this approach as energy regimes. These regimes are characterised not only by specific energy innovations, infrastructures and technologies, but also by their inter-relations with other systems across industry, businesses, transport and other political and social institutions. For example, the fossil fuel and transport systems have become intrinsically inter-linked, and practices in each area tend to both influence and support certain practices (mainly carbon-intensive) in the other. These systems can be understood as having co-evolved, and when taken together, constitute an energy regime -a regime which is the source of powerful path-dependencies (Unruh 2000) .
Indeed, fossil-fuel energy regimes as a rule demonstrate very fixed patterns of inter-connections, and are particularly heavy in terms of sunk costs -the massive investments that private companies have already made, and upon which they expect a significant return. This includes generation facilities, transmission and distribution infrastructure networks, and pipelines and LNG facilities (including ports) that together, in wealthier countries at least, have been able in a reasonably secure manner to provide modern energy services such as universal access to electricity. Political capital has also been invested into fossil fuel regimes: lobbying governments, making campaign contributions, providing testimony and 'expert' opinions to legislatures and regulatory agencies as well as advertising campaigns designed to influence public opinion (including demonstrating the environmental credentials of the fossil fuel industry). The fossil fuel energy regime is so entrenched that some scholars refer to a 'carbon lock-in' situation. Understanding patterns of Copyrighted material -9781137410078 Copyrighted material -9781137410078 energy reliance and their social and technological consequences therefore helps to explain some of the resistance to a low-carbon transition and, particularly, the existence of powerful actors and interest groups that oppose climate change mitigation measures. The political and economic difficulties associated with profound change to energy regimes should not be underestimated (see Box 1.10).
Technological perspectives -even the socio-technical transitions approachmay therefore place too little emphasis on the economic and political context in which climate mitigation happens. Important questions of the affordability of climate change mitigation and of building political support (particularly of key social coalitions) for environmental measures can be downplayed, as are other drivers of change to energy regimes such as geopolitical security concerns. Yet, it is precisely the problem of how to manage the costs of a low-carbon transition, and determining how these costs are to be distributed across socio-economic groups and industry sectors, that constitute the barriers to technological solutions. Building broad social coalitions of support for technological change is a problem of political economy, not a technical issue.
Furthermore, the focus on fostering technological innovations and bringing them to market rests on the assumption that climate change will primarily be addressed through technological means once political and economic (cost) barriers to new technologies can be overcome. The implicit and rather strong claim here is that everything is ultimately fixable with new material inventions. Alternative strategies -such as fundamental changes to human lifestyles, moving away from mass consumption -based social models and radically reducing levels of energy usage -are, by extension, negated. Furthermore, if all that is needed to solve incredibly complex climate change problems is new technologies, then wider societal groups become absolved from responsibility for both the causes of environmental problems (bad or old technology) and for generating solutions to them (a task delegated to inventors and entrepreneurs). This has been disparagingly referred to as the politics of 'catalytic converters, power station scrubbers and bottle banks' (Garner 2011: 8) . From a radical environmental perspective, the solutions that technological perspectives provide may in some respects only serve to reinforce broader political, social and economic structures.
Box 1.10 The limits of technological perspectives
Those who argue that as a general principle environmental problems generate incentives for innovation that result in technological solutions are termed Prometheans. However, emphasising technological solutions (for example to climate change problems), including through energy system transitions, might be considered to be falling into the 'technicist fallacy' (Leftwich 2000) -believing that complex problems of political economy have 'technical' solutions. In practice, any change in the use of resources creates winners and losers -even if only in relative terms -and so needs to be managed politically.
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Despite these concerns, it cannot be forgotten that currently embedded energy regimes were themselves the product of technological changes with profound social consequences. New technologies, therefore, can -and certainly will eventually -overturn existing energy systems, creating new patterns of social life and generating a redistribution of (or new distributive possibilities for) social and economic wealth. If one thing is clear about energy systems, it is that they change over time despite their apparent inertiaas demonstrated during the industrial revolution, in the rise of mass electrification, and the switch from coal to oil.
Socio-technical transitions perspectives, therefore, can help explain in a broader, non-technical sense how energy innovation occurs, and the likely impacts of this on existing energy regimes. Through this approach, analysis can focus on the social, political and economic mechanisms and policy constellations necessary to nurture new technologies and innovations -and help them in their own transition from the laboratory, research centre or workshop to success in the marketplace. Clearly, not all innovations (or energy innovations) make it this far, but an improved rate of alternative energy technology innovation might be achieved with appropriate support mechanisms. This is a defensible focus even if technological change is only one of a set of different solutions to climate change problems, and if innovations can in fact also enable a reduction in demand for energy services. As many societies are attempting to shift to more sustainable energy production and consumption patterns, it is necessary to build a better understanding of how alternative, low-carbon technologies and innovations can be supported and their widespread dissemination enabled.
Conclusion
This first chapter sought to place the trilemma of global energy challenges (environment, development and security) within the context of four different 'perspectives': political, economic, environmental and technological. The analytical toolbox this provides serves as an introduction to the academic and political debates concerning the global energy challenge, as well as enabling the reader to more coherently engage with the real-world empirical problems that are addressed in the rest of the book. Understanding the different approaches taken by different disciplines is an end in itself; however, it is also a means of providing the reader with a broader framework through which to critically assess and examine the key events and ongoing tensions and dilemmas in the world energy system. To complement this, the following chapter directly addresses the evolution of this system, strengthening our historical understanding of global energy challenges, and providing empirical detail, in particular, on the changing energy mix and the dynamics of global energy markets. 
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